(19) 





(12) 



Europaisc^^Patontamt 

European Pa\ent onice 

Office europeen des brevets £P 0 893 876 A2 

EUROPEAN PATENT APPLICATION 



(43) Dato of publication: 

27.01.1999 Bulletin 1999/04 

(21) Application number: 9840158S.9 

(22) Date of filing: 25.06.1998 



(51) intci* H02M 3/155, H02M 3/158 



(84) Designated Contracting States: 


• Walters, Michael M. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Raleigh, North Carolina 27606 (US) 


MC NL PT SE 


• Hawkes, Charles E. 


Designated Extension States: 


Cary, North Carolina 2751 3 (US) 


AL LT LV MK RO SI 


• Harris, Mathew 




Raleigh, North Carolina 27608 (US) 


(30) Priority: 26.06.1997 US 883624 






(74) Representative: Ballot, Paul Denis Jacques et al 


(71) Applicant: HARRIS CORPORATION 


Cabinet Ballot-Schmit, 


Melbourne Florida 32919 (US) 


7, rue Le Sueur 




75116 Paris (FR) 


(72) Inventors: 




• Jochum, Thomas A. 




Durham, North Carolina 27713 (US) 





(54) Dynamic regulator for a dc-to-dc power converter and related methods 



(57) An electronic circuit includes a dynamic regu- 
lator connected to a load and a dc-to-dc converter to 
reduce a need for capacitors. The dynamic regulator 
comprises a current source circuit for actively sourcing 
current to the load during load current demand tran- 
sients, and a current sink circuit for actively sinking cur- 
rent from the load during load current excess transients. 
The dynamic regulator senses the load voltage, and 
tracks the load voltage. The current source circuit pref- 



erably includes a current source switch, and a current 
source controller for operating the current source switch 
responsive to the load voltage falling rapidly with respect 
to the tracked load voltage. The current sinking circuit 
may include a current sink switch, and a current sink 
controller for operating the current source switch re- 
sponsive to the load voltage rising quickly above the 
tracked load voltage. In one embodiment, the load volt- 
age tracking may be provided by a resistor-capacitor (R/ 
C) network connected across the load. 



20 



CM 

< 

CD 
h- 
00 

CO 
CD 
CO 



Q- 
UJ 




27 

L= DC-TO-DC 

TnrH buck 

CONVERTER 



FIG. 3 



21 



EP 0 893 876 A2 



Description 

The present invention relates to the field of electron- 
ics, and. more particularly, to dc-to-dc power converter 
and associated regulation components and circuits, 
such as for powering electronic devices. 

Dc-to-dc power converters are widely used to sup- 
ply power to electronic devices, such as computers, 
printers, etc. Such dc-to-dc converters come in a variety 
of configurations for producing a desired output voltage 
from a source voltage. For example, a buck or step down 
power converter produces an output voltage that is less 
than the source voltage. A typical step down converter 
has high conversion efficiency, is relatively simple, and 
requires no output transformer. 

A typical step down converter, such as including the 
HIP 5020 converter controller made by the assignee of 
the present invention, is a compact integrated circuit, 
has high efficiency, and is easy to use The pulse width 
modulation (PWM) circuit of a typical dc-lo-dc converter 
accepts a clock signal as an input along with a signal 
from an error amplifier. The error amplifior. in turn, con- 
trols switching on the output current and. thus, controls 
the current and voltage delivered to tho toad 

Thorc aro many commercial applications where a 
relatively low dc voltage in the range of 2 to 5 volts is 
desired, such as for powering a microprocessor Turning 
to FIG. 1, a prior art circuit 10 is illustrated and includes 
a conventional dc-to-dc converter 12 connected to a 
load in the form of a P6 Class microprocessor 13 The 
converter 12 is supplied power Irom the illustrated re- 
chargeable battery 11. Unfortunately, the P6 Class mi- 
croprocessor 13 may generate relatively large transient 
currents. For example, in an effort for greater energy 
conservation, such a microprocessor will typically 
switch off unused circuit portions, such as when in a 
sleep mode. Switching off the circuits may generate 
large current excess transients. Moreover, when the mi- 
croprocessor awakes from the sleep mode, large cur- 
rent demand transients on the order of 1 amp/nanosec- 
ond may be generated by the microprocessor 13. 

A typical dc-to-dc converter 12 may take from 5 to 
100 microseconds to build up current, in part, because 
of the relative slowness ot the pulse width modulation 
control. As illustrated in FIG. 1 , a relatively large number 
of expensive electrolytic capacitors 14, such as tanta- 
lum capacitors, are used to store charge and supply this 
current. In the illustrated embodiment, eight capacitors 
14 are used. Besides being relatively expensive, the ca- 
pacitors each may have a fairly large footprint 15 and 
volume, and thereby collectively take up valuable limited 
real estate within a notebook or other personal compu- 
ter. 

An object of the present invention is to provide an 
electronic circuit and associated methods which reduce 
transients, and while reducing the need for relatively 
bulky and expensive passive capacitors which would 
otherwise be needed for reducing transients. 



Other objects, advantages and features of the 
present invention are provided by an electronic circuit 
comprising a dynamic regulator connected to the load 
and the dc-to-dc converter, and wherein the dynamic 

s regulator comprises one or both of current sourcing 
means for actively sourcing current to the load during 
load current demand transients, and current sinking 
means for actively sinking current from the toad during 
load current excess transients. More particularly, the 

10 current sourcing means may source current to the load 
during a relatively large load current demand transient 
to thereby reduce a load voltage transient dip which 
would otherwise occur. Conversely, the current sinking 
means actively sinks current from the load during load 

15 current excess transients to thereby reduce a load volt- 
age spike which would otherwise occur. 

Convenienly, dynamic regulator preferably com- 
prises voltage sensing means for sensing toad voltage, 
and load voltage tracking means for tracking the load 

20 voltage. In one embodiment, the load voltage tracking 
means may be provided by a relatively straightforward 
resistor-capacitor network connected across the load. 

The current sourcing means preferably includes a 
current source switch for sourcing current to the load, 

25 and current source control moans for oporating tho cur- 
rent source switch responsive to the load voltage falling 
rapidly with respect to the tracked toad voltage. In addi- 
tion, the current source control means may be provided 
by first signal generating means for generating a first 

30 scaled tracking signal related to the tracked load voltage 
by a first factor, and a first comparator for operating the 
first current source switch responsive to the sensed volt- 
age falling below the first scaled tracking signal. 

In a similar fashion, the current sinking means may 

•35 include a current sink switch for sinking current from the 
load, and current sink control means for operating the 
current sink switch responsive to the sensed load volt- 
age quickly rising above the tracked toad voltage. The 
current sink control means may be provided by second 

40 signal generating means for generating a second scaled 
tracking signal related to the tracked load voltage by the 
second factor, and a second comparator for operating 
the current sink switch responsive to the sensed load 
voltage rising above the second scaled tracking signal. 

•ts The R/C network may include a pair of resistors se- 
lectably connectable to define a faster or shorter time 
constant and a slower or longer time constant for track- 
ing the load voltage. Accordingly, the dynamic regulator 
may further comprise time constant switching means for 

so switching from the fast time constant to the slow time 
constant responsive to the sensed voltage rising above 
the second scaled tracking signal. Accordingly, the fast 
time constant is used to quickly follow any load ripple 
without triggering the current sourcing. Once the current 

55 sourcing is triggered it remains in effect based upon the 
second or slower time constant. The R/C network oper- 
ates similarly tor current sinking for a load current ex- 
cess transient. In addition, the time constant can be 
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readily switched by connecting two resistors in parallel 
for the fast time constant or operating with only one of 
the resistors in series with the capacitor for the slower 
time constant. 

In one embodiment ol the invention, the dc-to-dc 
converter comprises a first integrated circuit, and the dy- 
namic regulator comprises a second integrated circuit. 
In any event, the dynamic regulation of the load voltage 
using this invention permits a significant reduction in the 
number and/or size of capacitors typically required to 
reduce transients. Accordingly, the cost is reduced, 
weight is reduced, and valuable real estate is conserved 
as highly desirable for many applications. 

A highly desirable way lor a load including a circuit 
having a sleep state drawing relatively little current, and 
an awakened state drawing relatively large current. For 
example, such a load may be a microprocessor. In ad- 
dition, such a circuit may switch rapidly between states 
to cause the relatively large load current transients. 

A method aspect, advanlageoulsy is (or dynamical- 
ly regulating an electionic circuit of a type comprising a 
dc-to-dc converter and a load connected thereto. The 
method preferably comprises the steps of sensing a 
load voltage, tracking the load voltage, and actively 
sourcing current during a load current demand transient 
based upon tho sonsod load voltage dropping with re- 
spect to the tracked load voltage, to thereby reduce a 
load voltago dip which would otherwise occur. The step 
ol actively sourcing current comprises operating a cur- 
rent source switch responsive to the sensed load volt- 
age falling rapidly with respect to the tracked load volt- 
age. Tho stop ol operating the current source switch 
may include, generating a lirst scaled tracking signal re- 
lated to the tracked load voltage by a first factor, and 
operating the current source switch responsive to the 
sensed voltage lallmg below the first scaled tracking sig- 
nal. 

The stop ol tracking the load voltage comprises 
tracking the load voltage at one ol a fast time constant 
and a slow time constant Accordingly, the method may 
further compriso tho step of switching from the fast time 
constant to the slow time constant responsive to the 
sensed voltage falling below the first scaled tracking sig- 
nal. 

The present invention includes an electronic circuit 
comprising a dc-to-dc converter and a load connected 
thereto, said load being capable o( generating a load 
current demand transient and a load current excess 
transient, a dynamic regulator connected to said load 
and comprising current sourcing means for actively 
sourcing current during the load current demand tran- 
sient to thereby reduce a load voltage dip which would 
otherwise occur, current sinking means for actively sink- 
ing current during the load current excess transient to 
thereby reduce a load voltage spike which would other- 
wise occur, in which said dynamic regulator comprises 
voltage sensing means for sensing a load voltage, and 
said dynamic regulator further comprises load voltage 



tracking means for tracking the load voltage. 

The invention also includes a dynamic regulator for 
a load and a dc-to-dc converter connected thereto, the 
load being capable of generating a bad current demand 

s transient, said dynamic regulator comprising voltage 
sensing means for sensing a load voltage, load voltage 
tracking means for tracking the load voltage, current 
sourcing means for actively sourcing current during a 
load current demand transient based upon the sensed 

10 load voltage dropping with respect to the tracked load 
voltage, to thereby reduce a load voltage dip which 
would otherwise occur, in which said current sourcing 
means comprises a current source switch, and current 
source control means for operating said current source 

'5 switch responsive to the sensed load voltage falling rap- 
idly with respect to the tracked load voltage. 

The invention further includes a dynamic regulator 
for a load and a dc-to-dc converter connected thereto, 
the load being capable of generating a load current ex- 

20 cess transient, said dynamic regulator comprising volt- 
age sensing means for sensing a load voltage, load volt- 
age tracking means for tracking the load voltage, current 
sinking means for actively sinking current during a load 
current excess transient based upon the sensed load 

25 voltage rising with rcspoct to tho trackod load voltago, 
to thereby reduce a load voltage spike which would oth- 
erwise occur, in which said current sinking means com- 
prises, a current sink switch, current sink control means 
for operating said current sink switch responsive to the 

30 sensed load voltage rising rapidly with respect to the 
tracked load voltage, and said current sink control 
means comprises: second signal generating means for 
generating a second scaled tracking signal related to the 
tracked load voltage by a second factor, and a second 

35 comparator for operating said current source switch re- 
sponsive to the sensed load voltage rising above the 
second scaled tracking signal. 

The invention, suitably, includes a method for con- 
trolling transients in an electronic circuit comprising a 

40 load and a dc-to-dc converter connected thereto, the 
load being capable of generating a toad current demand 
transient, the method comprising the steps of sensing a 
load voltage, tracking the load voltage, actively sourcing 
current during a load current demand transient based 

■*s upon the sensed load voltage dropping with respect to 
the tracked load voltage, to thereby reduce a load volt- 
age dip which would otherwise occur, in which the step 
ol actively sourcing current comprises operating a cur- 
rent source switch responsive to the sensed load volt- 

so age falling rapidly with respect to the tracked load volt- 
age, in which the step of operating the current source 
switch comprises generating a first scaled tracking sig- 
nal related to the trackod load voltage by a first factor, 
and operating the current source switch responsive to 

55 the sensed load voltage falling below the first scaled 
tracking signal. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings in 
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which: 

FIG. 1 is a schematic block diagram of an electronic 
circuit as in the prior art and using a series of capacitors 
for accommodating load current transients. 

FIG. 2 is a schematic block diagram of an electronic 
circuit using a dynamic regulator in accordance with the 
present invention. 

FIG. 3 is a schematic circuit diagram of the electron- 
ic circuit as shown in FIG. 2 with the dynamic regulator 
shown in greater detail. 

FIG. 4 is a graph of the voltage output using the 
present invention and various combinations of capaci- 
tors as described in the Example. 

Referring to FIGS. 2 and 3, the electronic circuit 20 
includes a conventional buck or step-down dc-to-dc 
converter 22 connected to a power source, such as re- 
chargeable battery 21. The output terminals of the con- 
verter 22 are connected to the microprocessor load 23 
through the illustrated inductor core 27 and capacitor 24. 
The converter 22 may be any of number of convention- 
ally available types, such as including the HIP 5020 con- 
troller of the assignee of the present invention. The 
pulse width modulating and other associated functions 
of the dc-to-dc converter 22 may be readily implemented 
in an intogratod circuit package for compactness and 
energy efficiency. The pulse width modulating dc-to-dc 
converter 22 may typically have difficulty following the 
relatively rapid transients of certain loads, such as mi- 
croprocessor loads, without a relatively large number of 
electrolytic capacitors 24. 

The present invention is lor a microprocessor load 
23 having a sleep state drawing relatively little current, 
and an awakened state drawing relatively large cur- 
rents. When switching from the sleep state to the awak- 
ened state, the load 23 creates a load current demand 
transient wherein more current is demanded by the load 
than can be supplied by the converter 22. Conversely, 
when switching from the awakened state to the sleep 
state, the load requires less current than is being sup- 
plied by the converter. Accordingly, a load current ex- 
cess transient is produced. In other words, such a mi- 
croprocessor load 23 may switch rapidly between states 
to cause the relatively large load current transients. 

The dynamic regulator 30 permits the number of ca- 
pacitors 24, which are typically used to store and supply 
current for load induced transients, to be substantially 
reduced in the overall circuit 20 In the illustrated em- 
bodimenl, only a single capacitor 24 with ils associated 
footprint 25 is illustrated. 

The dynamic regulator 30 may include one or both 
of current sourcing means for actively sourcing current 
to the load 23 during load current demand transients, 
and current sinking moans for actively sinking current 
from the load also during load current excess transients. 
More particularly, the current sourcing means sources 
current to the load during a relatively large load current 
demand transient to thereby reduce a load voltage tran- 
sient dip which would otherwise occur. Conversely, the 



current sinking means actively sinks current from the 
load during load current excess transients to thereby re- 
duce a load voltage spike which would otherwise occur. 
The dynamic regulator 30 is connected to the load 

5 23 to sense the load voltage at V Benea , as well as provide 
current sourcing and sinking via V OUT . The dynamic reg- 
ulator 30 also includes the power on reset )POR) circuit 
32 connected to V cc and an enable input EN. A biasing 
resistor R3 also connects the transistors Q1 , Q2 to V cc . 

io The embodiment, power is supplied from PV CC to tran- 
sistor Q1, and external capacitor C2 is also connected 
to PV CC . 

One important portion and feature of the dynamic 
regulator 30 is the inclusion of load voltage tracking 

15 means for tracking the load voltage. In one preferred 
embodiment, the load voltage tracking means may be 
provided in a relatively straightforward fashion by the 
illustrated resistor-capacitor network connected across 
the toad 23. In the illustrated embodiment, the resistor- 

20 capacitor network is provided by a pair of resistors R1 , 
R2 and the externally connected capacitor C1 connect- 
ed at terminal CAP. In one example, the resistor R1 may 
be 500 Ohms, the resistor R2 may be 50 Ohms, and the 
capacitor C1 may be 0.1 u,F. The second resistor R2 may 

25 bo solcctably connoctod in parallol with the first rosistor 
R1 to reduce the effective resistance and thereby re- 
duce the time constant, as is explained in greater detail 
below. With only the first resistor R1 in the circuit, the 
time constant is longer. 

30 The resistor-capacitor network tracks, or follows an 
average load voltage so that gradual changes in load 
voltage and/or a ripple voltage, do not unnecessarily 
trigger operation of the dynamic regulator 30, but in- 
stead the dynamic regulator operates only on relatively 

35 steep and short duration transients. The ripple may be- 
come more pronounced at lower load currents. The re- 
sistor-capacitor network also allows the dynamic regu- 
lator 30 to be used with a variety of converters 22 having 
different operating voltages. 

40 The current sourcing means preferably includes a 
current source switch for sourcing current to the load, 
and current source control means for operating the cur- 
rent source switch responsive to the load voltage falling 
below the Iracked load voltage. In the illustrated embod- 

•15 iment, the current source switch is provided by the bi- 
polar transistor Q1. A single or multiple transistors may 
be used, and that the transistor(s) may be a field-effect 
transistor in other embodiments. 

The current source control means may be provided 

50 by first signal generating means for generating a first 
scaled tracking signal related to Ihe tracked load voltage 
by a first scaling factor, and a first comparator 33 for 
operating the first current source switch Q1 rosponsivc 
to comparing the first scaled tracking signal to the 

ss sensed load voltage. In the illustrated embodiment, the 
first tracking signal is generated by scaling the tracked 
voltage signal by 0.99 in the schematically illustrated 
multiplier 35. Accordingly, if the actual or sensed load 
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voltage drops sharply by one percent from the average 
tracked load voltage, the comparator 33 causes the 
switching transistor Q1 to turn on and thereby rapidly 
supply current to the load 23. Accordingly, the output 
voltage is prevented from sharply dipping. In addition, 
the logic gate 38 also causes the time constant of the 
resistor-capacitor network to be extended by discon- 
necting the second resistor R2 so that the current sourc- 
ing continues until the transient is sufficiently compen- 
sated. After the current sourcing is no longer needed, 
the logic gate 38 will cause the time constant to return 
to the shorter or faster value by reconnecting resistor 
R2 in parallel with resistor R1. 

In a similar fashion, the current sinking means may 
include a current sink switch, as provided by transistor 
Q2 tor sinking current from the load 23, and current sink 
control means for operating the current sink switch re- 
sponsive to the sensed bad voltage rising quickly above 
the tracked load voltage. As would be readily under- 
stood by Ihose skilled in the art, the term "sinking current 
from the load" includes sinking current delivered to the 
load from the dc-to-dc converter which may be relatively 
slow to change its output current. In the illustrated em- 
bodiment, the current sink switch is a field-effect tran- 
sistor Q1. Those of skill in tho art will rocognizo that a 
single or multiple transistors may be used, and that the 
transistor(s) may be a bipolar transistor in other embod- 
iments. 

The current sink control means may be provided by 
second signal generating means for generating a sec- 
ond scaled tracking signal related to the average load 
voltage by a second scaling factor, and a second com- 
parator 34 for operating the current sink switching tran- 
sistor Q2 responsive to the sensed load voltage rising 
above the second scaled tracked load voltage. In the 
illustrated embodiment, the second signal is generated 
by scaling the average voltage signal by 1.01 in the 
schematically illustrated multiplier 36. Accordingly, if the 
actual load voltage rises sharply by one percent from 
the average or tracked load voltage, the comparator 34 
causes the switching transistor Q2 to turn on and rapidly 
sink current from the load 23. The second comparator 
34 also causes the time constant to become longer so 
that the current sinking continues to adequately com- 
pensate lor the load current excess transient. 

Ot course, scaling values may be used rather than 
0.99 and 1.01 depending on the desired regulation. In 
addition, although both current sourcing and sinking are 
shown in the illustrated embodiment, other embodi- 
ments of the invention may include only current sourc- 
ing, or current sinking. The combination of both current 
sourcing and sinking for dynamic regulation may be de- 
sired particularly for significantly reducing the number 
of bulky and expensive passive capacitors which would 
otherwise be needed for reducing transients caused by 
rapid changes in current demanded by the load 23. 

In the embodiment of the circuit 20, the dc-to-dc 
converter 22 is a first integrated circuit, and the dynamic 



regulator 30 is a second integrated circuit. Of course, in 
other embodiments, both functions could be incorporat- 
ed in the same integrated circuit. In other embodiments, 
the circuit could be implemented using one or more dis- 
s crete components as would be readily appreciated by 
those skilled in the'art. In any event the dynamic regu- 
lation of the load voltage using the present invention per- 
mits a significant reduction in the number or size of ca- 
pacitors typically required to reduce transients. Accord- 
10 ingly, the cost is reduced, weight is reduced, and valu- 
able real estate conserved as is highly desirable for 
many applications. 

A method aspect is for dynamically regulating an 
electronic circuit 20 of a type comprising a dc-to-dc con- 
's verier 22 and a load 23 connected thereto. In one em- 
bodiment, the method comprises the steps of sensing 
the load voltage, tracking the load voltage, and operat- 
ing a current source switch Q1 to source current to the 
load responsive to the sensed load voltage falling below 
20 ihe tracked load voltage to actively source current to the 
load during a relatively large load current demand tran- 
sient and thereby reduce a load voltage transient dip 
which would otherwise occur. The step of operating the 
current source switch may include the steps of generat- 
es jng a first scaled tracking signal rolatod to tho avcrago 
load voltage by a first factor, and operating the current 
source switch Q1 ,Q2 responsive to the sensed load volt- 
age falling below the first scaled tracking signal. 

In another embodiment of the invention, the method 
30 may include operating a current sink switch Q2 respon- 
sive to the sensed load voltage rising above the tracked 
load voltage to actively sink current from the load during 
a relatively large load excess current transient and 
thereby reduce a load voltage transient spike which 
as would otherwise occur. The step of operating the current 
sink switch preferably comprises the steps of generating 
a second scaled tracking signal related to the tracked 
load voltage by a second factor, and operating the cur- 
rent sink switch responsive to the sensed load voltage 
40 rising above the second scaled tracking signal. Of 
course, in other embodiments the steps of operating the 
current source and sink switches may be combined. 

EXAMPLE 

45 

The following example is included for purposes of 
illustration only. 

Turning now additionally to the graph o( FIG. 4, a 
comparative example of operation of the circuit 20 in- 

so eluding the dynamic regulator 30 is further explained. In 
the graph, three plots of various operating conditions are 
illustrated. For each a high impedance power source 
was connected to a transient load. Tho transient load 
provided a four amp step increase over a period of 200 

S5 nanoseconds. For the plot labelled 50, only four tanta- 
lum capacitors of 220 u.F were connected to the load 
and high impedance source. For the plot labelled 51, 
only a single 220 uF capacitor was used in conjunction 
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with the dynamic regulator 30 of the invention. For fur- 
ther illustrative purposes, the plot labelled 52 shows the 
output voltage with only a single 220 uF capacitor. 

The performance of the dynamic regulator 30 and 
a single 220 uF capacitor is about equal to that of the 
four capacitor conventional circuit. In other words, the 
dynamic regulator 30 of the present invention eliminated 
the need for three relatively large and expensive capac- 
itors. 

An electronic circuit includes a dynamic regulator 
connected to a load and a dc-to-dc converter to reduce 
a need for capacitors. The dynamic regulator comprises 
a current source circuit for actively sourcing current to 
the load during load current demand transients, and a 
current sink circuit for actively sinking current from the 
load during load current excess transients. The dynamic 
regulator senses the load voltage, and tracks the load 
voltage. The current source circuit preferably includes 
a current source switch, and a current source controller 
for operating the current source switch responsive to the 
load voltage falling rapidly with respect to the tracked 
load voltage. The current sinking circuit may include a 
current sink switch, and a current sink controller for op- 
erating the current source switch responsive to the load 
voltago rising quickly abovo the tracked load voltage. In 
one embodiment, the load voltage tracking may be pro- 
vided by a resistor-capacitor (R/C) network connected 
across the load. 



Claims 

1. An electronic circuit comprising a dc-to-dc con- 
verter and a load connected thereto, said load being 
capable ol generating a load current demand tran- 
sient and a load current excess transient, a dynamic 
regulator connected to said load and comprising 
current sourcing means for actively sourcing cur- 
rent during tho load current demand transient to 
thereby reduce a load voltage dip which would oth- 
erwise occur, current sinking means for actively 
sinking current during the load current excess tran- 
sient to thereby reduce a load voltage spike which 
would otherwise occur, in which said dynamic reg- 
ulator comprises voltage sensing means lor sens- 
ing a load voltage, and said dynamic regulator fur- 
ther comprises load voltage tracking means for 
tracking the load voltage. 

2. An electronic circuit as claimed in claim 1 wherein 
said current sourcing means comprises a current 
source switch, current source control means for op- 
erating said curront source switch responsive to a 
sensed load voltage falling rapidly, in which said 
current source switch comprises at least one tran- 
sistor. 

3. An electronic circuit as claimed in claims 1 or 2 



wherein said current source control means com- 
prises first signal generating means for generating 
a first scaled tracking signal related to the tracked 
load voltage by a first factor, a first comparator for 

5 operating said current source switch responsive to 
the sensed load voltage falling below the first scaled 
tracking signal, said load voltage tracking means 
operates according to one of a fast time constant 
and a slow time constant; and further comprising 

10 time constant switching means for switching from 
the fast time constant to the slow time constant re- 
sponsive to the sensed voltage falling below the first 
scaled tracking signal, and said load voltage track- 
ing means comprises a resistor-capacitor network 

is connected to said load. 

4. An electronic circuit as claimed in claim 3 wherein 
said resistor-capacitor network comprises a pair of 
resistors and a capacitor connected thereto; said 

20 pair of resistors are connected in parallel with said 
capacitor for the fast time constant and only one of 
said resistors is connected to said capacitor for the 
slow time constant; and said time constant switch- 
ing means comprises logic means associated with 

25 an output of said first comparator for offocting 
switching of said pair of resistors, in which said cur- 
rent sinking means comprises a current sink switch 
for sinking current, current sink control means for 
operating said current sink switch responsive to a 

30 sensed load voltage falling rapidly, and said current 
sink switch comprises at least one transistor. 

5. An electronic circuit as claimed in claim 4 wherein 
said current sink control means comprises second 

35 signal generating means for generating a second 
scaled tracking signal related to the tracked load 
voltage by a second factor, a second comparator 
for operating said current sink switch responsive to 
the sensed load voltage rising above the second 

•to scaled tracking signal. 

5. An electronic circuit as claimed in any one of 
claims 1 to 4 wherein said load comprises a circuit 
having a sleep state drawing relatively little current, 

■»s and an awakened state drawing relatively large cur- 
rent; wherein said load generates the load current 
demand transient responsive to switching from the 
sleep stale to Ihe awakened stale; and wherein said 
load generates the current excess transient respon- 
se sive to switching from awakened state to the sleep 
state, preferably in which said load comprises a mi- 
croprocessor, said dc-to-dc converter comprises a 
first integrated circuit; and said dynamic rogulator 
comprises a second integrated circuit, and said dc- 
55 to-dc converter comprises a step-down dc-to-dc 
converter. 

6. A dynamic regulator for a load and a dc-to-dc con- 
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verter connected thereto, the load being capable of 
generating a load current demand transient, said 
dynamic regulator comprising voltage sensing 
means for sensing a load voltage, load voltage 
tracking means for tracking the load voltage, current 5 
sourcing means for actively sourcing current during 
a load current demand transient based upon the 
sensed load voltage dropping with respect to the 
tracked load voltage, to thereby reduce a load volt- 
age dip which would otherwise occur, in which said 10 
current sourcing means comprises a current source 
switch, and current source control means for oper- 
ating said current source switch responsive to the 
sensed load voltage falling rapidly with respect to 
the tracked load voltage. 15 

7. Adynamic regulator as claimed in claim 6 where- 
in said current source control means comprises first 
signal generating means for generating a first 
scaled tracking signal related lo the tracked load 20 
voltage by a first factor, a first comparator for oper- 
ating said current source switch responsive to the 
sensed load voltage falling below the first scaled 
tracking signal, said load voltage tracking means 
operates according to one of a fast time constant 2s 
and a slow time constant; and further comprising 
time constant switching means for switching from 

the fast time constant to the slow time constant re- 
sponsive to the sensed load voltage falling below 
the first scaled tracking signal, and in which said 30 
load voltage tracking means comprises a resistor- 
capacitor network connected to the load. 

8. A dynamic regulator as claimed in claim 7 where- 
in said resistor-capacitor network comprises a pair 3S 
of resistors and a capacitor connected thereto; said 
pair of resistors are connected in parallel with said 
capacitor for the fast time constant and only one of 
said resistors is connected to said capacitor for the 
slow time constant; and wherein said time constant 40 
switching means comprises logic means associat- 
ed with an output of said first comparator for effect- 
ing switching of said pair of resistors, and the load 

is further capable of generating a load current ex- 
cess transient; and further comprising current sink- <*s 
ing means for actively sinking current during the 
load current excess transient based upon the 
sensed load voltage rising with respect lo the 
tracked load voltage, to thereby reduce a load volt- 
age spike which would otherwise occur. 



so 



9. A dynamic regulator as claimed in claims 6, 7 or 
8, wheroin said current sink control means compris- 
es second signal generating means for generating 
a second scaled tracking signal related to the ss 
tracked load voltage by a second factor, a second 
comparator for operating said current source switch 
responsive to the sensed load voltage rising above 



the second scaled tracking signal, in which said 
load voltage tracking means operates according to 
one of a fast time constant and a slow time constant; 
and further comprising time constant switching 
means for switching from the fast time constant to 
the slow time constant responsive to the sensed 
load voltage rising above the second scaled track- 
ing signal, and said load voltage tracking means 
comprises a resistor-capacitor network connected 
to the load. 

10. A dynamic regulator for a load and a dc-to-dc 
converter connected thereto, the load being capa- 
ble of generating a load current excess transient, 
said dynamic regulator comprising voltage sensing 
means for sensing a load voltage, load voltage 
tracking means for tracking the load voltage, current 
sinking means for actively sinking current during a 
load current excess transient based upon the 
sensed bad voltage rising with respect lo the 
tracked load voltage, to thereby reduce a load volt- 
age spike which would otherwise occur, in which 
said current sinking means comprises, a current 
sink switch , current sink control means for operating 
said current sink switch responsive to the sonsod 
load voltage rising rapidly with respect to the 
tracked load voltage, and said current sink control 
means comprises: second signal generating means 
for generating a second scaled tracking signal re- 
lated to the tracked load voltage by a second factor, 
and a second comparator for operating said current 
source switch responsive to the sensed load volt- 
age rising above the second scaled tracking signal. 

11. A method for controlling transients in an elec- 
tronic circuit comprising a load and a dc-to-dc con- 
verter connected thereto, the load being capable of 
generating a load current demand transient, the 
method comprising the steps of sensing a load volt- 
age, tracking the load voltage, actively sourcing cur- 
rent during a load current demand transient based 
upon the sensed load voltage dropping with respect 
to the tracked load voltage, to thereby reduce a load 
voltage dip which would otherwise occur, in which 
the step of actively sourcing current comprises op- 
erating a current source switch responsive to the 
sensed load voltage falling rapidly with respect to 
the tracked load voltage, in which the step of oper- 
ating the current source switch comprises generat- 
ing a first scaled tracking signal related to the 
tracked load voltage by a first factor, and operating 
the current source switch responsive to the sensed 
load voltage falling bolow tho first scalod tracking 
signal. 

12. A method as claimed in claim 11 wherein the 
step of tracking the load voltage comprises tracking 
the load voltage at one of a fast time constant and 
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a slow time constant; and further comprising the 
step of switching from the fast time constant to the 
slow time constant responsive to the sensed load 
voltage falling below the first scaled tracking signal, 
and the load is capable of generating a load current s 
excess transient, and comprising the step of active- 
ly sinking current during the load current excess 
transient based upon the sensed load voltage rising 
with respect to the tracked load voltage, as as to 
reduce a load voltage spike which would otherwise 10 
occur. 

13. A method as claimed in claims 1 1 or 12 wherein 
the step of current sinking comprises operating a 
current sink switch responsive to the sensed load is 
voltage rising rapidly with respect to the tracked 
load voltage, in which the step of operating the cur- 
rent sink switch comprises generating a second 
scaled tracking signal related to the tracked load 
voltage by a second factor; and operating the cur- 20 
rent source switch responsive to the sensed load 
voltage rising above the second scaled tracking sig- 
nal. 

14. A method as claimod in any ono of claims 11, 25 
1 2 and 1 3 wherein the step of tracking the load volt- 
age comprises tracking the load voltage according 

to one of a fast time constant and a slow time con- 
stant; and further comprising the step of switching 
from the fast lime constant to the slow time constant 30 
responsive to the sensed load voltage rising above 
the second scaled tracking signal. 
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(54) Dynamic regulator for a dc-to-dc power converter and related methods 



(57) An electronic circuit includes a dynamic regu- 
lator connected to a load and a dc-to-dc converter to 
reduce a need for capacitors. The dynamic regulator 
comprises a current source circuit for actively sourcing 
current to the load during load current demand tran- 
sients, and a current sink circuit for actively sinking cur- 
rent from the load during load current excess transients. 
The dynamic regulator senses the load voltage, and 
tracks the load voltage. The current source circuit pref- 



erably includes a current source switch, and a current 
source controller for operating the current source switch 
responsive to the load voltage falling rapidly with respect 
to the tracked load voltage. The current sinking circuit 
may include a current sink switch, and a current sink 
controller for operating the current source switch re- 
sponsive to the load voltage rising quickly above the 
tracked load voltage. In one embodiment, the load volt- 
age tracking may be provided by a resistor-capacitor (Ft/ 
C) network connected across the load. 
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